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The breakdown of ribonucleic acid and deoxy-
ribonucleic acid is initiated by two specific
enzymes, ribonuclease (RNAse) nnd deoxyri-
bonuclease (DNAse) (1). The metabolism of
nucleic acids in the epidermis is related to kera-
tinization (9, 12, 13, 14). Ribonucleic acid is found
increased in the cytoplasm and nucleoli of
epidermal cells if the production of keratin is
increased, for example in psoriatie lesions (14, 22).
In normal epidermis ribonucleic and deoxyri-
bonucleic acid are metabolized before the epi-
dermis is keratinized. In pathologic stratum
corneum, however, nucleic acids are present,
especially in psoriatie parakeratosis (2, 16, 19, 22).
Their split products are increased (7, 8, 11, 16,
22). Recently biochemical assays of ribonuclease
and deoxyribonuclease activities in the skin were
performed (20, 21, 23). Only a few data are
available indicating the localization of nucleases
in the skin (13, 18). Former investigators (13)
have shown that DNAse activity is found beneath
the horny layers. This activity causes the disap-
pearance of nuclei in the horny layers. Former
data (13) indicate that DNAse activity is
diminished beneath psoriatic parakeratosis (13).
Further studies on the localization of DNAse and
RNAse activities in the skin, especially in the
epidermis, seem warranted, since a new and more
reliable technic is available. In this work we
wish to report the results of such studies using
the substrate film method of DAousT (3—6).
Material and Methods
Twenty specimens of normal human skin de-
rived from various areas of the body were in-
vestigated with respect to the localization of
RNAse and DNAse activities. The findings were
then compared with the results obtained under
the same conditions with eight specimens of
fresh, untreated psoriatic lesions. In addition, we
also studied two samples of skin from the prepuce.
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The principle of the substrate film method of
Daoust (3—6), depends on the fact that the deg-
radation products of ribonueleic acid and deoxy-
ribonucleic acid substrates after contact with
their respective enzymes do not stain with tolui-
dine blue.
The substrates, ribonucleic acid and deoxy-
ribonucleic acid, were dispersed in a gelatin film
and fixed in 20% formaldehyde solution at 4° C.
for two hours. The tissue under investigation was
frozen immediately after biopsy removal and cut
at 15 microns in the cryostat. The sections were
then mounted on slides covered with gelatin-
glycerol. The mounted sections were then left in
contact with the substrate films for variable
periods of time (30, 60, 90, 120 minutes or 24 hours)
at room temperature, after which the sections and
substrate films were separated. Sections of various
areas of the same subject and of normal and
psoriatie skin were examined on the same sub-
strate film in order to afford comparison. The
gelatin films containing the substrate were stained
with an 0.02% solution of toluidine blue. The
staining was weak or absent in the areas which
had been in contact with the specific enzyme
(Fig. 1). The mounted sections were stained with
a drop of Loeffler's methylene blue and the excess
stain removed after a few minutes by blotting.
Sections and exposed films were then examined
microscopically, one on top of the other, under
low power. This procedure afforded a good com-
parison of morphologic substrate and enzymatic
activity. The gelatin in which the nucleic acids
are suspended is retained in the areas of dis-
coloration after the incubation. The finding in-
dicates that the disappearance of nucleic acids is
not caused by a digestion or other destruction of
the gelatin.
This technic of Daoust (3—6) was called an
ingenious method for the demonstration of en-
zymes of this class (10). Since fresh frozen tissue
is used, it may be assumed, that the pH value in
the reaction is similar to that in vivo, provided
that the incubation time is short. It is not pos-
sible, however, to control the pH value of the
tissue during incubation. By the technic of Daoust
(3—6) areas with high enzyme activity are demon-
strated. The method affords comparison between
enzyme activities in the same sections but it does
not allow quantitative analysis (15). The data
of Daoust, as well as our own findings (unpub-
lished data), indicate that the disappearance of
nucleic acids seen in the substrate film is caused
by nuclease activity.
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Ftu. 1*. Activity of ribonuclease in the skin of the scalp. The horny layers (arrow) are strongly active.
The matrix cells of the sebaceous glands (A) and the mature sebum (C) show high RNAse activity. The
hair itself shows no activity. The hair follicles reveal slight activity (B). Photograph of the gelatin film
containing ribonucleic acid. The active areas appear white since the split products of enzymatic destruc-
tion of ribonuclcic acid do not stain with toluidine blue. Incubation 120 minutes. 12X
RESULTS
Areas of the gelatin film containing the sub-
strate ribonucleic acid or deoxyribonucleic acid
stain distinctly with an aqueous solution of
toluidinc blue. Areas of the film, where the
substrate has been split to mono- and poly-
nuclcotidcs by enzymatic action fail to stain, or
reveal only slight coloration (Fig. 1). The degree
of discoloration increases with a prolonged
incubation until the nucleic acids have completely
disappeared in the areas of enzyme activity.
After more than 2 hours of incubation a diffuse
discoloration of the nucleic acid film is seen
apparently due to diffuse spreading of the enzyme
activity through the tissue. Since this phe-
nomenon is probably a postmortal artefact, we
shall not mention these findings later.
1) Ribonuclease (Table 1)
Very high activity of RNAse was noticed in the
lowest layers of the stratum corneum. Another
strongly active band was found on the surface
of the stratum eorneum. Between these two
active zones, the reaction was weaker or after
30 minutes of incubation even negative.
* Footnote: All the figures are photographs
taken from the gelatin film after previous exposure
to tissue. They differ therefore considerably from
microphotographs of tissue sections. White areas
indicate digestion of nucleic acids in areas of
enzyme activities. It is obvious that the border-
line of enzyme activity is not completely sharp.
Unfortunately we were not able to remove parti-
cles of dust without damaging the sections.
The sebaceous glands showed pronounced
RNAse activity since the matrix cells as well as
the mature scbum were strongly active (18). The
area in between revealed little or no activity
(Figs. 1, 2). In the hair follicles, pronounced
activity was present along the inner surface of the
outer root sheath, presumably due to the pres-
ence of sebum. The activity in the epithclium
of the hair follicle apparently depends upon the
stage of the hair growth. The upper bulb
in the growing hair follicles is definitely
active. Apocrine glands of the axillary region
showed RNAse activity, but their lumens did
not (Fig. 3). No RNAse activity was found in
ecerine sweat glands. After an incubation of 60
minutes and longer a slight activity is seen in the
corium, especially near the blood vessels.
In psoriatic parakeratotic horny layers, RNAse
activity was stronger than in normal horny
layers (Fig. 5), and was seen in the entire stratum
corneum. Cells in the upper epidermis below the
stratum corneum were active. The cells of the
inflammatory infiltrate in the corium and the
epidermis also revealed distinct RNAse activity
(Fig. 5).
In one specimen of slightly inflamed skin of
the prepuce, the cells of the stratum granulosum
showed RNAse activity (Fig. 4).
2) Deoxyribonuclease (Table 1)
DNAse activity in human skin is definitely
weaker than RNAse activity. A moderately
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TABLE 1
RNAse and DNA se activity of normal and psoriatic epidermis
RNAse DNAse
Normal Psoriatic Normal Psoriatic
Surface ++ ++ 0 0
Upper stratum corneum ++ +++ 0 Paraker- 0
Mid stratum corneum +? +++ + atotic 0
Lowest layers of stratum corneum + + + + + + + + areas: +/0
(Transitional region) Border: +++
Stratum granulosum et basale 0 (+) 0 0
Hair follicles depends on state of hair
growth
0 0
Matrix cells of sebaceous glands +++ +++ 0 0
Mature sebum ++++ ++++ 0 0
Intracorneal portion of eccrine 0 n s. ++ n.s.
sweat ducts
Accini of eccrine sweat glands 0 0 0 0
Apocrine sweat glands + n.s. 0 n.s.
+ signifies "activity present"
0 signifies "no activity"
+? signifies "questionable activity"
(+) signifies "sometimes active"
ns. signifies "not studied"
eccrine sweat ducts on the palms showed strong
DNAse activity (Fig. 6), but the hair follicles,
eccrine sweat glands and apocrine glands gave
no positive reaction.
In psoriatic parakeratosis, the DNAse positive
band in the lowest horny layers showed an ap-
parent reduction in activity. At the borders of
this inactive zone, however, a hyperactivity was
present (Fig. 7).
DISCUSSION
Fia. 2. RNAse activity of the sebaceous glands.
The matrix cells (M) and the mature sebum (Sl
show a positive reaction. Incubation 60 minutes.
200X
active band was found to be present in the lowest
layers of the stratum corneum immediately
above the stratum granulosum. The entire
horny layer of palms and soles, with the excep-
tion of the stratum lucidum, revealed DNAse
activity (Fig. 6). The intracorneal portions of the
Date obtained with the substrate film method
of Daoust (3—6) serve to delineate the areas of
skin which show high nuclease activity. It is not
possible, however, to relate enzyme activity to
single cells or intracellular structures, since in
areas with a high nuclease activity the nucleic
acids are not only digested at the site of the
activity but also in the vicinity.
Biochemical data indicate that RNAse is
present in the stratum corneum (20) but our
results show that this activity is not equally
distributed. There are two zones of high RNAse
activity in the stratum corneum: in the lowest
part (which is the transitional region between
non-keratinized and keratinized epidermis) and
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FIG. 3. RNAse activity of axillary skin. Right
lower edge: the apocrine glands and their vicinity
show a positive reaction (A); the lumens are
spared. Diffuse activity of the connective tissue
and of single connective tissue cells. Incubation
60 minutes. 12X
in the upper layers. The activity in the lowest
portion of stratum corneum is apparently related
to keratinization since this enzyme is also very
active in the keratogenous zone of the hair
follicle. On the other hand, the activity in the
upper layers of the stratum corneum is probably
due to the presence of sebum. Additional studies
in this laboratory have shown that RNAse
activity is high in sebum and in lipids wiped from
the skin surface (18).
The activity of RNAse is increased in the
parakeratotic horny layers of the psoriatic lesion
(Fig. 5), but this finding is not specific for psoria-
sis since it is observed in other conditions. These
data verify the suggestion of Wheatley and
Farber (22) that the presence of ribonucleic acid
in psoriatic horny layers is due to excessive
formation of this compound rather than defective
breakdown. The distribution of RNAse reminds
one of the localization and behavior of non-
specific esterases in skin (17) and it may be that
we are dealing with a single enzyme with multiple
functions (1).
FIG. 4. RNAse activity in slightly inflamed skin from prepuce. Left: the stratum corneum and the
stratum granulosum are positive. Both positive zones are separated by an inactive zone. Right: in the
hyperkeratotic area the inactive zone disappears and the stratum corneum is strongly positive. The
strong reaction in the corium is caused by inflammatory infiltrate and edema. Incubation 60 minutes.
80X
FIG. 5. RNAse activity in a psoriatic lesion. Strong activity in the parakeratotic horny layer. Activity
is seen in the corium due to the infiltrate. Incubation 60 minutes. 30X
.
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FIG. 6. DNAse activity in the horny layer of the palm. Epidermis (E) reveals slight activity; the
stratum lucidum (arrow) is negative. The sweat duct (S) is strongly positive. Incubation 60 minutes.
Sox
FIG.7. Deoxyrihonuclease activity ma psoriatic lesion. The enzyme activity is considerably decreased
or even absent in circumscribed areas (arrows). Between the inactive areas hyperactive zones are present
with enzyme activity in the entire stratum corneum. Substrate film after previous incubation (90 min-
utes). 30X
As the RNAse activity on the skin surface is
predominantly bound to lipids (18) no activity or
a very low activity is seen in aqueous extracts
from the skin surface in man (21). In inflamma-
tory processes a pronounced diffuse activity of
RNAse is seen in the corium (Fig. 4) which may
be caused by the presence of blood serum (21)
or due to spreading of enzymes from areas with
a high activity through the inflamed tissue.
DNAse is less active in human skin than
RNAse. A rather thin positive band of DNAse
activity is found in lowest layers of the stratum
corneum. In the thick stratum corneum on the
palms and soles, however, the activity is more
pronounced (Fig. 6).
The DNAse activity is decreased or even absent
beneath the parakeratotic horny layers in psoria-
sis but is found increased at the borders of these
inactive zones (Fig. 7). The increased number
of cells in the proliferating psoriatic epidermis,
therefore, coincides with a pathological zone of
decreased DNAse activity. These data confirm
former results obtained with a different histo-
chemical method (13). They may explain why
the nuclei are preserved in the parakeratotic
horny layers of the psoriatic lesion. Our data in
psoriasis, however, need further substantiation
since the number of cases studied thus far has
been small.
5UM1VIAEY
The localization and distribution of ribo-
nuclease and deoxyribonuclease in normal skin
of various regions and in psoriatic lesions has
been demonstrated.
RNAse activity is found in the lowest part of
the stratum corneum. In addition sebum is
positive.
DNAse activity in skin is less than RNAse
activity. It is found in the lowest part of the
stratum corneum. Beneath psoriatic parakerato-
tic horny layers this activity is partially
decreased, whereas the activity of the RNAse
in the parakeratotic stratum corneum is
increased.
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